Abstract: Background: World Trade Center (WTC) dust-exposed subjects have multiple comorbidities that affect sleep. These include obstructive sleep apnea (OSA), chronic rhinosinusitis (CRS), gastroesophageal-reflux disorder (GERD) and post-traumatic stress disorder (PTSD). We examined the impact of these conditions to sleep-related outcomes. Methods: Demographics, co-morbidities and symptoms were obtained from 626 WTC (109F/517M), 33-87years, BMI = 29.96 ± 5.53 kg/m 2 ) subjects. OSA diagnosis was from a 2-night home sleep test (ARES TM ). Subjective sleep quality, sleep-related quality of life (QOL, Functional Outcomes of Sleep Questionnaire), excessive daytime sleepiness (Epworth Sleepiness Scale), sleep duration and sleep onset and maintenance complaints were assessed. Results: Poor sleep quality and complaints were reported by 19-70% of subjects and average sleep duration was 6.4 h. 74.8% of subjects had OSA. OSA diagnosis/severity was not associated with any sleep-related outcomes. Sleep duration was lower in subjects with all conditions (p < 0.05) except OSA. CRS was a significant risk factor for poor sleep-related QOL, sleepiness, sleep quality and insomnia; PTSD for poor sleep-related QOL and insomnia; GERD for poor sleep quality. These associations remained significant after adjustment for, age, BMI, gender, sleep duration and other comorbidities. Conclusions: Sleep complaints are common and related to several health conditions seen in WTC responders. Initial interventions in symptomatic patients with both OSA and comorbid conditions may need to be directed at sleep duration, insomnia or the comorbid condition itself, in combination with intervention for OSA.
Introduction
Following the World Trade Center (WTC) disaster, many responders who worked in rescue, recovery and debris removal were exposed to high concentrations (greater than 100,000 µm/m 3 total particles) of debris [1] . This exposure was associated with an increased risk of developing obstructive sleep apnea (OSA) [2] , chronic rhinosinusitis (CRS) [3] , post-traumatic stress disorder (PTSD), gastroesophageal reflux disease (GERD), anxiety and depression [4] all of which may be associated with sleep disruption. We recently reported a high prevalence of OSA in WTC responders related to chronic rhinosinusitis [5] .
OSA is often associated with poor quality of life and sleepiness, likely from the associated sleep fragmentation and intermittent hypoxia. Although there is a weak relationship between presence of OSA and/or severity of OSA and sleep complaints and daytime outcomes, this correlation appears to be quite variable [6] [7] [8] [9] [10] . Sleep duration and insomnia may be additional factors affecting the relationship of OSA to sleepiness [6, 9] . There is also increasing evidence that medical conditions that often coexist with OSA, such as CRS, anxiety, depression, PTSD and GERD, are associated with sleep complaints [11] [12] [13] [14] [15] [16] [17] and may confound the relationship between OSA and sleep-related quality of life outcomes. The independent contribution of each of these conditions to sleep-related complaints and the associated quality of life has not been closely examined.
Data on sleep-related quality of life, sleepiness and sleep duration were collected as part of a larger study (WTCSNORE) examining the role of nasal pathology in the pathophysiology of OSA in 643 WTC responders. We evaluated the relative contribution of sleep duration and comorbid illness to these outcomes in this population.
Materials and Methods
Study Population: The WTCSNORE study is a recently completed National Institute for Occupational Safety and Health (NIOSH) funded (#U01OH01415) study to examine the effect of nasal pathology on OSA in WTC responders. Between March 2013 and December 2016 we enrolled 643 subjects with no history of OSA and without reported loud and frequent snoring prior to 11 September 2001 from the WTC health programs at Rutgers Robert Wood Johnson Medical School, New York University School of Medicine and Icahn School Medicine at Mt. Sinai. The study protocol was approved by the Institutional Review Boards of Rutgers RBHS (Pro2012002164), NYU School of Medicine (I12-02578) and the Icahn School of Medicine at Mount Sinai (HS#16-00511) and all subjects signed informed consent. Subjects were considered ineligible if they had been diagnosed with gross skeletal alterations affecting the upper airway (e.g., micrognathia) or unstable chronic medical conditions known to affect OSA (chronic heart failure, stroke), were pregnant or had intent to become pregnant within the period of the protocol, were unable to sign informed consent form, were currently on treatment for OSA, were a habitual snorer prior to 9/11/2001, or had a diagnosis of OSA prior to 9/11/2001. In all subjects we obtained demographic data and the following metrics were assessed:
(1) Sleep-related Quality of life (QOL) was assessed using the Functional Outcomes of Sleep Questionnaire (FOSQ) [18] . The FOSQ is a validated 30-item questionnaire that is used to assess the impact of disorders of excessive sleepiness on activity of daily living. It consists of 5 subscales evaluating activity level, vigilance, intimacy, general productivity and social outcomes and has a possible combined score that ranges from 5 (poor) to 20 (excellent). A score < 17 is taken to indicate poor sleep-related quality of life. (2) Excessive daytime sleepiness was evaluated with the Epworth Sleep Scale (ESS), a well-validated questionnaire that asks the subject to rate the likelihood of falling asleep in 8 commonly encountered situations [19] . Possible scores range from 0 (the least sleepy) to 24 (the most sleepy). A score of > 10 defines presence of excessive daytime sleepiness. (3) A questionnaire regarding sleep and snoring was administered that included questions regarding bed and wake up times, duration of sleep (hours/night), frequency of difficulty falling and maintaining sleep per week, and overall quality of sleep. Quality of sleep was rated on a 4-point scale (1: excellent, 2: good, 3: fair, and 4: poor); poor sleep quality was defined as ≥ 3. Sleep onset insomnia was defined as present when the subject reported having trouble falling asleep at least 1-2 times a week, and sleep maintenance insomnia was recorded when a subject reported waking up early and not being able to go back to sleep at least 1-2 days per week. [24, 25] . Subjects were considered CRS+ if two or more of the following symptoms were reported as present for >8 weeks: (1) nasal blockade/obstruction (2) nasal discharge, (3) facial pain and (4) reduction in or loss of smell. At least one symptom had to be nasal blockade or discharge. (6) In addition, we quantified the subjects' perception of nasal congestion of each individual nostril by asking them to close one nostril while in the supine position and rate the level of congestion in the free nostril on a scale from 1 to 10, 1 being totally blocked/congested and 10 being totally open/uncongested. The lowest score (denoting greater congestion) of the two self-reported values from the left and right nostril was used for analysis. (7) Comorbid conditions: Information on comorbid Anxiety/Panic, Depression, GERD and PTSD were obtained from a combination of self-report of physician diagnosis (GERD) obtained in our WTCSNORE questionnaire, standardized questionnaires (Depression, Panic disorder, PTSD) and from the certified conditions listed in WTC Health Program General Responder Data Center (GERD, Depression, Anxiety and Panic Disorder and PTSD) for each subject using the annual visit closest in time to the sleep study. If any of the sources used identified the presence of a co-morbid condition the subject was coded as positive for that condition. Depression was assessed by the patient health questionnaire (PHQ), PTSD (PTSD symptom checklist), panic (PHQ) and anxiety from the GAD-7 [26] [27] [28] [29] .
Assessment of other relevant variables and Statistical Analysis: Presence/absence of CRS, OSA, PTSD, Anxiety/Depression and GERD were defined as Yes/No (+/−) variables. Summary statistics were calculated and differences were compared using chi-square test for discrete categorical variables and two-sample t-test for continuous data. For skewed continuous variables, we used Wilcoxon test instead. Logistic regression analyses, with (i) sleep-related QOL (FOSQ ≥ 17 vs <17), (ii) Excessive Daytime Sleepiness (EDS) (Epworth sleepiness score >10 vs ≤10), (iii) Poor sleep quality (+/−), (iv) Sleep Onset Insomnia (+/−) and (v) and Sleep Maintenance Insomnia (+/−) as the dependent variables and OSA, CRS, GERD, PTSD, Anxiety/Panic and Depression as the independent variables were used to evaluate the association of sleep parameters and each of the independent variables before and after controlling for age, BMI, gender, sleep duration and the other variables. Statistical significance was defined by p < 0.05. All statistical analyses were performed using SAS v9.4 (SAS Institute Inc., Cary, NC, USA).
Results
We analyzed data from 626/643 subjects from the parent WTC study (WTCSNORE) in whom CRS data was available. Subjects were predominantly middle-aged men. The demographic data, sleep duration, sleep-related quality of life and sleep complaints are provided in Table 1 . 74.8% of subjects had OSA diagnosed by home monitoring, predominantly mild OSA. 47.1% of the subjects were identified as CRS+ by questionnaire, 19.3% had depression, 23.5% had PTSD, 23.5% had anxiety/panic and 52% had GERD. Shorter sleep duration (in hours) was observed in subjects with CRS (CRS+ = 6.3 ± 1.4 vs CRS-= 6.5 ± 1.2, p = 0.03), PTSD (PTSD+ = 6.1 ± 1.5 vs PTSD-= 6.5 ± 1.3, p=0.01), anxiety/panic (anxiety/panic+ =6.0 ± 1.4 vs anxiety/panic-=6.5 ± 1.3, p < 0.0001) and depression (depression+ = 6.0 ± 1.4 vs depression-= 6.5 ± 1.3, p = 0.001) but not GERD (GERD+ = 6.4 ± 1.3 vs GERD-= 6.4 ± 1.3, p = NS) and OSA (OSA+ = 6.4 ± 1.3 vs OSA-= 6.4 ± 1.3, p = NS). Subjects with OSA were older than those without OSA, were predominantly male and had higher BMI, but did not differ in sleep duration, ESS, FOSQ or perception of nasal congestion. Subjects with CRS, PTSD, Anxiety/Panic, Depression and GERD showed greater sleepiness by ESS, worse sleep-related QOL by FOSQ and greater perceived nasal congestion than those without the condition. Of note, subjects with CRS had slightly higher BMI and OSA severity (See Table 2 ). 
In our dataset, we were unable to demonstrate differences in quality of life, sleepiness, sleep quality, sleep onset insomnia, and sleep maintenance insomnia between subjects with and without OSA. However, presence of the other comorbid conditions (CRS, PTSD, Anxiety/Panic, Depression and GERD) were all significantly associated with worse quality of life, increased sleepiness, worse sleep quality and sleep onset and maintenance insomnia. (Table 3 ) Table 4 summarizes the risk of each of the conditions on sleep-related outcomes and shows the associations of quality of life (FOSQ), excessive daytime sleepiness (ESS), sleep quality, sleep onset insomnia and maintenance insomnia with OSA severity, CRS and other co-morbid conditions. Model 1 is the unadjusted data, Model 2 adjusts for age, BMI and sleep duration and Model 3 adjusts for age, BMI, gender, sleep duration and other co-morbid condition. Our data did not show any statistically significant relationship between OSA and any of the sleep-related outcomes. CRS is a significant risk factor for poor quality of life, excessive daytime sleepiness and sleep complaints even in an adjusted model. PTSD was a significant risk factor for poor quality of life, sleep onset insomnia and sleep maintenance insomnia. GERD was a risk factor for poor quality of sleep. Figure 1 is a graphical representation of these odds ratios in Model 3. Table 4 . Odds ratio and 95% CI for presence of poor sleep-related quality of life (FOSQ < 17), sleepiness, poor quality sleep and insomnia in subjects with each condition compared to subjects without this condition. Notes: Asterisk (*) denotes a p-value of <0.05. Cross ( †) denotes a p-value of <0.01. Double dagger ( ‡) denotes a p-value of <0.0001; 1: Unadjusted odds ratio estimates. 2: For responses of "Poor quality of sleep", "Sleepy" and "FOSQ", the odds ratio estimates are adjusted for age, BMI and sleep duration; for responses of "Sleep onset Insomnia" and "Sleep Maintenance Insomnia", the odds ratio estimates are adjusted for age and BMI. 3 For responses of "Poor quality of sleep", "Sleepy" and "FOSQ", the odds ratio estimates are adjusted for Age, BMI, gender, sleep duration, and all other comorbidities; for response "Sleep onset Insomnia" and "Sleep Maintenance Insomnia", the odds ratio estimates are adjusted for age, BMI, gender and all other comorbidities.
Figure 1.
Odds ratio and 95% CI for each comorbid condition as a risk factor for adverse sleep outcomes.
Discussion
In this large dataset of WTC responders with and without OSA, CRS and other comorbidities that are known to impact sleep and quality of life, we show a significant relationship of sleep-related quality of life, sleepiness and sleep complaints to CRS and PTSD but little or no relationship to the presence of OSA. In patients with OSA, comorbidities that have typically been emphasized include hypertension, arrhythmias, stroke and other cardiovascular diseases [30] [31] [32] . Our data show that it may also be important to assess other comorbidities that directly impact sleep complaints.
The absence of a relationship between OSA and sleep complaints is not entirely unexpected. While sleepiness is one of the main symptoms of OSA, there is significant variability between individuals and the relationship of OSA (or OSA severity) to quality of life (QOL) and sleepiness has been inconsistent, especially in non-clinical populations [7] [8] [9] [10] . Our data show that controlling for co-morbid conditions did not help explain the variability in OSA and sleep outcomes. Our dataset has a high prevalence of OSA, but the OSA severity (median AHI4% 11.0/h, median RDI 26.0/h in subjects with OSA) was slightly lower than earlier studies of predominantly moderate-severe OSA subjects [33] . However, OSA severity in our cohort is comparable to recent studies in clinical populations [6] -that also did not show a relationship between OSA severity and sleepiness.
Supporting the validity of our self-reported variables, we show the expected relationship between reduced sleep duration and sleepiness and sleep complaints [6] . Average sleep duration has decreased over the recent decades with over 40% of the U.S. population reporting habitual sleep time below the recommended 7-8 h [34] . The association of reduced sleep duration with poor cardiometabolic outcomes [35, 36] highlights the importance of our finding of overall short sleep duration in the entire cohort (average 6.4 h with majority having sleep duration <7h) and suggests the need for further investigation and possible intervention. 
Supporting the validity of our self-reported variables, we show the expected relationship between reduced sleep duration and sleepiness and sleep complaints [6] . Average sleep duration has decreased over the recent decades with over 40% of the U.S. population reporting habitual sleep time below the recommended 7-8 h [34] . The association of reduced sleep duration with poor cardiometabolic outcomes [35, 36] highlights the importance of our finding of overall short sleep duration in the entire cohort (average 6.4 h with majority having sleep duration <7h) and suggests the need for further investigation and possible intervention.
Our results are also consistent with recent literature showing that individuals with CRS complain of poor sleep and demonstrate poor QOL related to sleep disruption [11, 37, 38] . However, these studies did not control for OSA severity or sleep duration. We hypothesized that the sleep complaints in CRS could be due to an increase in OSA, but instead found only a relationship to reduced sleep duration. Subjects with CRS in our study reported greater perception of nasal congestion when awake, suggesting that discomfort from congestion during sleep results in the reduced sleep duration and may account for this finding. However, the relationship of CRS to poor sleep remained even after controlling for sleep duration. We have shown a relationship of CRS to level of WTC exposure [5] , and chronic inflammation has also been shown to be part of CRS; it is possible that systemic mediators of inflammation such as cytokines contribute to sleep disruption [37, 39] .
Poor sleep and sleepiness have also been shown in patients with mental health conditions like PTSD, anxiety and depression [8, 40, 41] . In our dataset all these conditions were highly correlated with one another, but also correlated with sleep complaints.
Although the relationship of sleep related outcomes to comorbid conditions remained significant despite controlling for BMI in the models, subjects with each of the conditions had a higher BMI than those without (see Table 2 ). Obesity is associated with short sleep duration [42] and may impact the sleep-related complaints in these subjects.
Strengths of our study include the large well-characterized dataset of subjects naïve to OSA treatment, objective measurement of OSA in all subjects, concurrent assessment of sleep complaints and data on confounders and comorbid conditions.
One potential limitation is that the incidence of both OSA and comorbid conditions was high in our cohort that is comprised mainly of male subjects. However, it has been demonstrated that the severity and type (obstructive vs central) of the OSA in the WTC responders was not different from a general clinic population, suggesting generalizability of our findings, of the correlations and of our causal inferences [43] . Furthermore, other specific groups such as veterans, the elderly [44, 45] and some general populations have been shown to have a similarly high prevalence of OSA and these co-morbid conditions, and we suggest that our inferences may apply to these groups also. Another potential limitation is that while OSA was objectively assessed in all subjects, all other variables were based on a combination of self-report diagnoses, questionnaire and certification data from the general WTC database with possibility of being overestimated. However, our prevalence estimates are similar to those reported in WTC rescue and recovery workers [46] .
Conclusions
Our data highlight the high prevalence of sleep-related complaints and poor quality of sleep in WTC responders. Our results challenge the often accepted clinical practice that in a patient with sleep complaints, the most urgent treatment needs to be directed to any OSA found. While OSA undoubtedly produces sleep symptoms in some, the role of other frequently found comorbid conditions, including CRS, PTSD, Anxiety/Panic, Depression and GERD, should not be underestimated and perhaps pursued more aggressively earlier. Initial interventions in symptomatic patients with both OSA and comorbid conditions may need to be directed at sleep duration, insomnia or the comorbid condition in combination with intervention for OSA. 
